Introduction
This paper studies minimal prime ideals of an Ore extension over a commutative Dedekind domain. Ore extensions are widely used as the underlying rings of various linear systems investigated in the area Algebraic system theory.
These systems may represent systems coming from mathematical physics, applied mathematics and engineering sciences which can be described by means of systems of ordinary or partial differential equations, difference equations, differential time-delay equations, etc. If these systems are linear, they can be defined by means of matrices with entries in non-commutative algebras of functional operators such as the ring of differential operators, shift operators, time-delay operators, etc. An important class of such algebras is called Ore extensions (Ore Algebras).
The structure of prime ideals of various kind of Ore extensions have been investigated during the last few years. In [7] , [8] primes of Ore extensions over commutative noetherian rings were considered. In [2] , [3] , and [11], prime ideals of Ore extensions of derivation type were described. These result recently were exploited in [9] to investigate properties of minimal prime rings of Ore extensions of derivation type in term of their contraction on the coefficient ring. In this note we extend this result to a general Ore extension of automorphism type .
Ore Extension
We recall some definitions, notations, and more or less well known facts The degree of a nonzero element f ∈ R is defined in the obvious fashion.
Since the standard form for elements of R is with left-hand coefficients, the
with all f i ∈ D and f n = 0. If σ is an automorphism, f can also be written with right-hand coefficients, but then its x n -coefficient is σ −n (f n ). While a general formula for x n a where a ∈ D and n ∈ N is too involved to be of much use, an easy induction establishes that
In preparation for our analysis of the types of ideals occured when prime (1) The set {p[x; σ, δ], P | p is a σ − prime ideal of Dand P ∈ Spec 0 (R) with P = (0)} consists of all minimal prime ideals of R.
(2) Let P ∈ Spec(R) with P = (0). Then P is invertible if and only if it is a minimal prime ideal of R.
Now we shall investigate the class of minimal prime ideals for general δ = 0. For this general case, we need the following lemma.
Proof. Assume that p is a (σ, δ)-prime ideal of D but is not minimal (σ, δ)-prime. Let q be a (σ, δ)-prime ideal of D such that q p and q = (0). Then applying [2, Theorem 3.1] we have qR ∈ Spec(R). So, qR pR = P . This is a contradiction because P is a minimal prime ideal.
Theorem 4 Let P be a prime ideal of R and P ∩ D = p = (0). Then P is a minimal prime ideal of R if and only if either P = p[x; σ, δ] where p is a
Proof. Let P be a minimal prime ideal of R and P ∩ D = p = (0). Since q[x; σ, δ] ⊆ Q. This implies P = Q. Thus P is a minimal prime ideal of R. Thus P is the minimal prime ideal of R.
Concluding Remark
In this paper we identify all minimal prime ideals in an Ore extension over a Dedekind domain according to their contraction on the coefficient ring.
Studying the results in Marubayashi et. al [9] it is expected that this identification can be used to study the structure of the corresponding factor rings which is currently under investigation.
6
